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ABSTRACT 



The present invention relates to * method of making 
a composition for delivery by aerosol inhalation 
comprising dispersion of albumin microspheres in a 
pi opel lent, that provides control led -release delivery of 
pharmaceutical ly active agents, particularly 
bronchodilating agents such as procaterol or procaterol 
hydrochloride; the composition for use in the delivery; 
its use and a device for this use. 
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PROCATEROL MICROSPHERES CONTROLLED- RELEASE 

AEROSOL 



FIELD OF INVENTION 

The present invention relates to a method of making 
5 a composition for delivery by aerosol inhalation 
comprising albumin microspheres, preferably in a 
propellent, that provides control led- release delivery of 
pharmaceutical ly active agents , particularly 
bronchodllating agents such as procaterol or procaterol 
10 hydrochloride; the composition for use in the delivery; 
its use and a device for this use. 

BACKGROUND OF INVENTION 

International application published under the 
Patent Cooperation Treaty (PCT) publication number WO 

15 87/05803 describes pharmaceutical compositions for 
administration of fi 2 -receptor active substances 
including procaterol by inhalation and comprising 
liposomes. The description provides for aerosolizing a 
composition of a selected quantity of lipid-based solid 

20 material which is said to spontaneously form or 

reconstitute liposomes in an aqueous milieu. The 
present invention dlffere from the described composition 
as the invention does not provide a lipid-based material 
f r a rosolising and funh r do s not pr vide for 

25 d liv ry by the f rmatl n of liposomes. The compos! ti n 
als diff rs from the present Inventl n by th 
c ntr 11 d-r leas pr perty of the pros nt inv ntl n. 

Int rnatlonal applicatl n published under th PCT 
publlcati n number WO 87/05213 als describee 

30 preparatl n of pharmaceutical compo ltl ns for 
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inhalati n c ntaining microgranul a of solid 
water-soluble diluent a and a lubricant. Although the 
compos! tiona may include proc sterol, the other 
components are different from the present Invention. 
For example, WO 87/OS213 teaches the preparation of an 
exclplent called a conglomerate in the form of 
mlcrogranules of a solid water-soluble vehicle ouch as 
lactose, xylitol, arabinose, dextran, mannitol or the 
like with a suitable lubricant such as sodium benzoate, 
magnesium etearate, colloidal silica, hydrogenated oils, 
fatty bases, etc. 

In contrast, the present Invention provides 
controlled release of a pharmaceutical^ active agent, 
preferably procaterol or procaterol hydrochloride in a 
water insoluble matrix. 

U.S. Patent No. 4,696,938 describes insecticidal 
aerosol compositions. Although many of the components 
of this composition are the same as or similar to those 
employed in the present invention, various components 
acceptable in an insecticidal application are Included 
which are not suitable for pharmaceutical use. No 
details of the preparation of an aerosol composition are 
described. The Example for an aerosol in the disclosure 
of the patent Indicates the components, a toxicant and 
toxicant impurities and Freon 12,- are mixed and packaged 
under pressure. in a suitable container equipped with a 
release spray valve. This teaching is not suitable for 
the preeent control led* re lease aerosol for procaterol. 

3.R. Walker et al., "The Clinical Pharmacology of 
Oral and Inhaled Salbutamol", Clinical Pharmacology and 
Therapeutics, Vol.13, No. 6, p. 861 (1972) describes the 
pharmacology of inhaled salbutaml which is a selective 
flj- receptor stimulant, i.e., an effective 
bronchodllator. Row ver, n d scrlption shows 
preparatl n f an aer sol and ther f r dlff rs from the 
pres nt invention for c ntr lled-r 1 ase of pr cat rol. 

Vari us r f renc s describe albumin for delivery 
of drugs in parent ral applicati ns, particularly for 
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cancer treatment. These include, CRC Critical Rev leva 
in Therapeutic Dru g Carrier Systems , Yasunori Morimoto 
and Shlgeru Fuji mo to, "Albumin Microspheres as Drug 
Carriers," Volume 2, Issue 1, pp. 19-63; Microspheres and 

5 Drug Therapy, Pharmaceutical, Immunological and Medical 
Aspects , edited by S. S. Davis, L. Ilium, J. C. McVie 
and E. Tomlinson (1984), Elsevier Science Publishers B. 
V., Chapter 1 "Human serum albumin microspheres for 
Intraarterial drug targeting of cytostatic compounds. 

10 Pharmaceutical aspects and release characteristics," 

pp. 75-89 by E. Tomlinson et al.. Chapter 4 "Development 
and testing of protelnaceous nanopartlcles containing 
cytotoxics," pp. 117-128 by R. C. Oppenheim et al.. 
Chapter 3 "Adriamycin- loaded albumin microspheres: Lung 

15 entrapment and fate in the rat," pp. 205-215 by N. 

Willmott et al.. Chapter 9 "Drug entrapment within 
native albumin beads," pp. 295-307 by T.D. Sokoloski and 
CP. Royer, and Chapter 10 "Hydrophilic albumin and 
dextran ion-exchange microspheres for localised 

20 chemotherapy," pp. 309-325 by E.P. Goldberg et al.; 

Biomedical Applications of Microenc ap sulation , Editor: 
Franklin Lim, CRC Press Inc., Boca Raton, Florida 
(1983), Chapter 3 "Biodegradable Microspheres for 
Parenteral Administration," pp. 53-75 at 66 by C. Thies 

25 and M. Blssery; E. Tomlinson and J. G. McVie, "New 

directions in Cancer Chemotherapy 2. Targeting with 
Microspheres," Pharmacy International , November, 1983, 
pp. 261-284; and N. Willmott and P. J. Harrison, 
"Characterisation of freeze-dried albumin microspheres 

30 containing the anti-cancer drug adriamycin," 

International Journal of Pharmaceutics . 43 (1988) 
161-166. 

Ext nded-R 1 ase Dosag Forme by Lessek Kr vczynskl 
translat r Dorota Porebska Brosyna, CRC Press, Inc., 
35 Boca Rat n, Florida, pp. 71-72 describes an aqueous 
suspension (0.5 ml) f human serum albumin and 
staphylococcal prot in A mix d with cottonseed 11 (6 
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ml) and homogenization of the emulsion by aonificatlHO 
for^l min. .t 60°C followed by denaturatlon mt 120 tS 
125°C for 10 mln. Use of egg albumin la .l.o mention** 
by Krowcxynski. The resultant microsphere, *.r. air 
dried for parenteral administration. Although these 
microspheres comprise a pharmacological component th« 
reference teaches intraarticular injection of tha 
microspheres which ia different from an aerosol delivery 
of a pharmacologically active component. Thu«, the 
article does not provide microspheres for extonded- 
release delivery of procaterol in an aerosol a. mmt dM* 
in the present invention. 



SUMMARY OF IHVEM Tinfl 

The present invention provides a control led-relel"* 
pharmaceutical formulation for use in an Inhalation 
aerosol comprising a pharmaceutical ly active 
preferably procaterol, and albumin in the form of 
microspheres. 

The present invention provides a novel method for 
preparing a composition for control led-releaee deliver* 
of a pharmaceutical^ active agent by inhalation aeroafll 
which comprises dispersing microspheres, wherein the 
microspheres are • control led- release formulation 
comprising a pharmaceutical^ active agent and albumin! 
in an aerosol-type propellent. 

The present invention also provides a composition 
for controlled-release delivery of . pharmaceutical^ 
active agent by inhalation aerosol which eomprlM> • 
dispersion of microspheres, wherein the mlcroephoree ar» 
a controlled-release pharmaceutical formulation of a 
pharmaceutical^ active ag nt and albumin, in an 
aeroa 1-type propellent. 

The pr sent lnventi n is ale a method of troatind 
a dlseas c nditi n which comprise, administering; 
micr sph res by inhal.ti n aerosol, wher in the 
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microspheres are a controlled- release formulation 
comprising s pharmaceutical^ active agent effective for 
treating the disease or condition and albumin; by 
metered-doee. 

Finally, the present invention ie an inhalation 
device for delivery by inhalation aerosol. The 
inhalation device may be a powder- inhalator euch as 
Spinhaler*, Rotahaler«, Turbuhaler#, etc. or a 
pressurised dose-aerosol. The powder- inha la tor provides 
a selected quantity of microspheres in a form suitable 
for inhalation. The microspheres are a 
control led- release formulation comprising a 
pharmaceutical ly active agent together with albumin. Ho 
powder- inhalers containing a controlled-release 
formulation exist on the market. 

The pressurized dose-aerosol is a pressure- tight 
container having a valve -control led opening, optionally 
equipped with a metered doss device, and containing a 
self-propelling composition capable of providing 
microspheres in aerosol form. The self-propelling 
composition comprises a pharmaceutical ly acceptable 
propellent in which the microspheres are dispersed. The 
microspheres are a controlled-release pharmaceutical 
formulation preferably comprising a pharmaceutical ly 
active agent together with albumin. On operating the 
metering valve of the aeroeol container, the 
microspheres are dispensed in a stream of propellent. 
No pressurized dose-aerosols containing controlled- 
release microspheres exist on the market. However, 
controlled-release microspheres having pharmaceutical ly 
active agents together with albumin are preeent in 
various other suspending agents particularly suitable 
for parenteral use. 

The pharmac utically active agents f th present 
inv ntl n ar compounds appr priate f r delivery by 
inhalation aer s 1, pr f rably such eg nta having high 
potency. Mor preferably th agent is a br nchodil sting 
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agent and moat preferably is procaterol or procaterol 
hydrochloride. 

Stabilising agente may be present on each of the 
above described microapherea having a pharmaceutical ly 
S active agent and albumin. 

DETAILED DESCRIPTION OP INVENTION 

Pharmaceutical^ active agents for inhalation 
aerosol which may be incorporated into the microapherea 
of the preaent invention are 5- lipoxygenase or 

10 cyclooxygenaae lnhibitora and antl allergy agents 

generally j antiinflammatory a gent a; and particularly 
bronchodilatlng agents. For example, isoproterenol 
hydrochloride, laoatharlne hydrochloride, 
metaproterenol, albuterol, terbutallne, cromolyn 

15 atropine eulfate, and preferably procaterol 
hydrochloride may be used. 

The albumin microapherea suitable for uae in the 
Inhalation aeroaol of the preaent invention 
mlcroencapaulate the active agent which may be prepared 

20 either by thermal denaturation at elevated temperatures, 
80* to 140°C for from 2 to 60 min., or chemical 
cross- linking in vegetable oil or iaooctane solution. 
For example, an aqueous solution or suspension of the 
active agent, 2 to 200 mg/ml, and serum albumin, 18 to 

25 1800 mg/ml, la mixed with an oil, 10 to 1000 ml, 

preferably vegetable oil, and an emulaion prepared by 
aonificatlon for 0.5 to 3 min. The emulaion la added to 
an additional 50-50,000 ml oil and heated for 0.5 to 60 
min. at 80* to 140*C. The resultant microapherea are 

30 washed with n-h xane and e para ted by centrifugati n. 

Procaterol hydrochl ride may n t be aufficl ntly 
stable t resist 1 vat d temperatur a used f r albumin 
denaturati n. Thus, it is suggested a stabiliser may be 
added, lther in th 11 or aqueoua phaa r both 11 

35 and aqueoua phaa a in the abov deacription. 

i 
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Sp.cific.lly. for ex.«,pl.. ln a pr c . t fol ny<Jr M ^ 
cone ntr.tion of 20 no/il in w.t. r. th. proc.t. rol 1. 
deeompoa.d cm. 5% in 100 .inute. .t 98«C. With th. 
addition of ..corbie .cid (0.05%) .. . .t.bili,. r i„ th . 

•qu.ou. ph.... „o d.co-po.itlo„ occur.. On. of ordin.ry 

•kill would r.cogni*. u .. of oth.r .t.bili«. r . .. y 
includ. sodiun ..tabLulfif. sodium sulfif. .odium 
bisulfite, isoa.corbic acid, .odium i.o..corb.t. 
-corbyl pal.it.te. .thyl g.il.te. propyl o.ll.t.. 
g.llic acid, cysteine hydrochloride, thioglycoliic acid 
thiosorbitol. sodium thio.ulph.f . tocopherol., 
butyl.fd hydroxytoluene. butyl.ted hydroxy.nisole. 
t-butylhydroqulnon. and th. Ilk.. 

Th. microspheres may be stored in hexsne or wsshed 
with . prop.ll.n t for dispersion in th. propell.nt. Th. 
1cro.ph.re. and compre.sed air or microsphere, and 
prop.U. B t in a dispersion composition 1. nilmd Into . 
device for inhalation a.ro.ol. .nd appropriafly ch.ro.d 
to an appropriate air pre.aure or with additional 
propellant to .„ appropriate pre.aure. Thi. microsphere 
containing a ph.rmaceuticaily acceptable agent 
.icroencap.ul.ted in .Ibumin i. ready for colBpr# „ #d . lr 
delivery inhalation u.e or «et.r.d-do.e inhalation u.e. 

The oil. for forming the emulsion include edible 
•nimal and vegetable oil. .uch a. variou. fi.h oil.. 
■oybe.n. safflow.r. «unflow.r. corn. cottonseed. 
r.pe...d. ....... .„ d bran oil., prefer.bly cotton.eed 

oil. 

Th. ..rum albuailn suitable for use in the 
•icrosphere. include hu«.n. egg. or other .nimal such a. 
rabbit or bovine, preferably husisn or bovine e.rum 
albumin. 

The propellant* that may be used ln the present 
invention are either comprised air or pharmaceutical ly 
•cceptable propellent, for ~f red-do., inhalanta .uch 
various chlorof luorocarbons. flu rocarbons r 
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hydrocarbon, which generate a po.ltive pressure within a 
aealed container. 

The oil phase will typically contain emul.ifier. 
preferable emulaifier. having a low HLB (Hydrophile- 
Lipophlle Balance). Example, of auch emul.ifiare 
include glyceryl monostear.te, glyceryl monoie.te. 
sucrose dietearate. aorbitan mono.tearate. aorbit.n 
mono P .l«it.te. aorbitan monol.ur.te. and aorbit.n eater, 
marketed under the trade name Span. 

The preferred micro«ph.re. of the prea.nt invention 
microencapsulate a potent bronchodilator in albumin. 

The moat preferred mlcroephere. of the present 
invention microencapsulate the potent bronchodilator. 
procaterol hydrochloride. 

The role... profile can be controlled depending on 
the amount of albumin that ia used for 
mlcroeneapeulatlon. 

The encap.ul.tion proc... i. preferably optimised to 
prepare -icroaphere. i„ the particle sis. range of 1 to 
10 M-Cicron.) and preferably in the rang, of 1 to 3 
micron.. The overall ratio of active agent to albu-in 
i- typically from 1 to 10. A relatively large «aou„t of 
•lbusin. i.e., „p to 20 milligrama. can be used to 
•ncap.ul.te the *o.t preferred active agent, procaterol 
hydrochloride. 

P. E. Morrow in Chapter 21 of Alrwav mm— 
entitled. 'Dynamics of Dust Remcval From The Lower 
Airway.: Measurements and Interpretation Based upon 
Radioactive Aerosols.- describes sis.-deposition 
relationships for dust deposition snd removal for a dust 
cloud or aerosol. This article teaches that dust or 
aerosol of size ranges, for example from 1 to 10 
microns, preferably 1 t 3 .icr ns. such .. the 
micr spheres which are the present lnv nti n. c uld stay 
In the lung f r an ext „ded period of tie*. That is. in 
the light of this teaching, the micr spher s f th 
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pree nt invention would provide • c ntrolled r 1 as of 
a ph.rwceutic.Uy active agent by aeroaol inhalation. 

Generally, an ordinarily skilled physician will 
readily determine and prescribe an effective amount of 
the inhalation aerosol having the microspheres for 
prophylactic or therapeutic treatment of the condition 
for which such treatment is administered. 

The composition described below Is a dispersion of 
microspheres containing procaterol hydrochloride 
microencap.ul.ted in aerum albumin which microspheres 
are dispersed in a propellent having the tr.de name 
Freon 11 and/or Freon 12. 



Preparation of Aih.. w i n Mlera^K,^- 

An aqueous solution (1 ml) containing 20 mg of 
procaterol hydrochloride and 180 ml of bovine serum 
albumin is mined with cottonseed oil (lOOmi) and the 
emulsion is prepared by sonlcation for 1.5 minutes at 
50»C. This water/oil emulsion is added to 200 ml of 
constantly stirred cottonseed oil at 110°C for 30 
minutes. The resultant microspheres are waahed with 
n-hexano and separated by centrlfugation. The 
microspheres may be stored in hexane. 
Di spersion of . Dru g-_Loaded_ Albumin Hlc roeph*™-^ 
Propellent 

Albumin microspheres dispersed in hexane are 
centrlfuged and washed with Freon 11. The microspheres 
•re then dispersed in 6 g of Freon 11 and placed In 
pressurlsable aerosol device. Fourteen grams of Freon 
12 is filled into the above device and mixed well after 
the devise is crimped. The dispersion of the 
mlcrospher e containing procat rol hydrochl ride in th 
pr pell ant Freon 11 and Fre n 12 is ready f r 
metered-doss Inhalation use. 
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EXAMPLK 2 



An aqueous solution (1 ■!) containing 20 mq of 
proc.terol hydrochloride. 10 no of ascorbic acid and 170 
■1 of bovine seru. albumin is mi*** 100 -l 

cottonseed oil confining 0.2 ml of -tocopherol end the 
.ixture i. eoniceted for 1.5 -inute. et S0*C to prep.re 
.n eeulsion. The .icroepheree .re then prepered ee 
described in the above example- 
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CLAIMS 

A control led- re ieaae pharmaceutical 
formulation for use In an inhalation aeroaol 
comprising a pharmaceutical ly active agent and 
albumin, optionally together with oil and 
aqueous soluble stabilizers. In the form of 
microspheres. 

A formulation of Claim 1 wherein the 
phanaaceutically active agent ia procaterol 
hydrochloride . 

A formulation of Claim 2 wherein the 
stabilizers are 1) ascorbic acid or 2) 
ascorbic acid and o-tocopherol . 

A pharmaceutical composition for delivery of 
a phanaaceutically active agent by inhalation 
aerosol comprising the microspheres of Claim 1 
in pressurized air or propellent. 

A composition of Claim 3 wherein the agent is 
a high-potency agent. 

A composition of Claim 5 wherein the agent is 
a bronchodi lating agent. 

A compoeitlon of Claim 6 wherein the 
bronchodi lating agent ia procaterol 
hydrochloride. 

A conpoaitlon of Clal* 7 whar tha pr pallant 
is a chlorof luorohydrocarbon. 

A aathod of traataant by lnhalati n aar sol 
using tha foraulati n f Clala 1. 
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10* A process for preparing a pharmaceutical 
formulation of Claim 1 comprising 1) 
encapsulating a high potency pharmaceutical ly 
active agent by a) preparing an aqueous 

5 suspension of 2 to 200 mg/ml of the agent and 

18 to 1800 mg/ml serum albumin; b)mixing the 
suspension in 18 to 1800 mg/ml oil; c) 
emulsifying the mixture by Bonification for 
0.5 to 3 min.; d) heating the emulsion to a 

10 temperature of from 80 # to 140 # C for from 2 

to 60 min.; and 2) dispersing ths microspheres 
resulting from d) in a propellent. 

11. A process of Claim 10 wherein a) the aqueous 
suspension is 1 ml of water containing 20 mg 
of procaterol hydrochloride and 180 mg of 
bovine serum albumin; b) the suspension is 

5 mixed in 100ml of cottonseed oil; c) the 

mixture is emulsified by 1.5 mln. of 
sonl cation; d) the smulsion is heated for 30 
min. at 110 # C and then the resulting 
microspheres are dispersed in 6 g of Frecn 11 

10 and then further charged with 14 g of rreon 

12. 

12. A process of Claim 11 wherein the aqueous 
suspension contains 10 mg of ascorbic acid and 
the cottonseed oil contains 0.2 ml of 
•-tocopherol. 

13. A micr sphere- in-propellant which is s 
dlspersl n suitable f r providing 
control led- r leas by inhalation aer eol 
comprising a formulati n f Claim 1. 
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14. The Microsphere- in-propellant which is a 
dispersion suitable for providing an 
inhalation aerosol of the formulation of Claim 

3. 

15. The Microsphere- in-propellant which is a 
dispersion suitable for providing an 
inhalation aerosol of the formulation of Claim 
3 wherein the albumin is bovine albumin. 

16. An inhalation device for delivery by 
inhalation aerosol having a control ted- release 
formulation of Claim 1 comprising a 
pharmaceutical^ active agent encapsulated In 
albumin optionally stabilised. 

17. The device of Claim 16 wherein the agent is 

procaterol hydrochloride. 

18. A device of Claim 16 wherein the device le a 
pressurised dose-aerosol containing a 
self-propelling composition comprising the 
formulation and a propel 1 ant. 

19. The device of Claim 16 wherein the formulation 
is microspheres having procaterol 
hydrochloride encapsulated in albumin 
stabilised by asc rbic acid and e- tocopherol. 



